
A ‘“’major \ purpose .of the.
Technical Information Center is to
provide the broadest dissemination
possible of information contained in
DOE’S Research and Development
Reports to business, industry, the
academic community, and federal,
state a~d local governments.

Although portions of this report
are not reproducible, it is being
made available in microfiche to
facilitate the availability of those
parts of the document which are
legible.

3



LA-UR -88-1991

LOIAlamo$Nat:onalLaDOralo~y,sWaralad by ma UntvarwyofCahfornmloftlwUmtadSlalaCO.pwrmanlofEnergyunderconlrac!W.740<.}k~.1=

LA-UR--88-1991

~E88 014435

TITLE THE USE OF PROCESS INFORMATION FOR VERIFICATION
OF INVENTOPY IN SOLVENT EXTRACTION CONTRACTORS
IN NEAR-REAL-TIME ACCOUNTING FOR REPROCESSING
PUNTS

AUTHOR(S) E. A. Hakkila, J. W. Barnes, and J. F. Hafer

SUBMITTEDTO 29th Annual Meeting of the Institute of
Nuclear Materials Management, Las Vegas,
June 26-29,1983

DISCLAIMElt

‘l%isrcp.rrl wnsprcpured asanaccoumofwork s~nwdhyan~~myf)ffkonifd Sta[ca

Grvcrnmcni, Neither the (Initcd Slatcs(krvcrnmcnl nor wry agcncythcrcvf, noranyofllreir

employees, makes wry warrmrly. eapreac or implied, tw amaumcs nny ICJBI liahihly w rc.qrrrrmi.
hilityfor the ticxuracy, m)mplclcnens, or uacfuhreanof any infrxmalion, apparatu!, prdurt, or

pr[~cmdiachrd, or reprcunls that im usc would no{ infringe privmcly ownal rights, Rcfer-

cn~t herein 10 tiny qwcificcommcrcial pruduc!, proms, or scrviw hy trrndc name, frndcmar~,

manufadurcr. or wlhcrwine drm nol necmsardy wnmitulc or imply its cndomcrncnl, rccom.

mcndalion, or fnvwring hy the IJrrikd SIaIcs (iovcrnmcm or any agency fhcrcof The vicwq

and opiniorm of aulhwrs csprcmel herein do m)! ncce.marily rnlafc or reflect Ihmsc IJ the

[Jnikd SIaIcn (jovcrnmcni m any agency thereof

Lo&NkamosLos Alarnos
Los Alamos,

Laboratory
New Mexico 87545

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



THE USE OF PROCESS INFORfWZON FOR VERXFICATIW OF INVENTORY
IN SOLVENT EXlRN21_fON CONTWTORS IN MEAR-REAL-TIK RCCOUWTffi

FOR @EPRWESSIffi PL~S

E. A, Hakkila, 3. W. Barn@s, ard J. F Hafer
Safaguads Systems Group

Los Alamos Nationai Laboratory
Los alamos, M 87545

neslmcl

Namr-real-tima ●ccounting is bing studied
●s ● technique for improving tho timaiinass of
●ccounting in nuclear fuel roprocossing plants.
A major criticism of noa-real-ti~ ●ccounti~ is
parceived disclosure of proprietary data for IhEA
vwification, particularly in verifying the invert
tory of solvent ●xtraction contnctora, This study
indicates that the contribution of urcerta~+ios

in estimating tho inventory of pulsed columns or
minar sattlors my be insignificant compared to
uncertainties In measured throughput ●nd measur-
able inventory for rnst roprocossing plants, ●nd
verification may not be ● soriou$ problem. Veri-
fication can &coma ● probAem for plants with low

throughput and low inventory in tanks if contactor

inventary variations or uncertainties*are greater
than -25%. Each plant mu~t be ●valuated with

rsspact to its specific inventory ●nd throughput
charnctertsti:s

Near-real-tima accounting (3CMay or 19s8

bala~:e closuro Pariodm) has bo*n proposed ●t ●

technlgue for improving tha tiaa~inoss of account-
ing i~ .oproce.sing plants. For both conventional
●nd near-rc+al-tima accounting, the oparator must

aaasure ●ll transfws into tho facility ●nd out
of tho facility, ●nd tha inspector must varify
these ~asurements, For convmtional ●ccounting

the in-proce*9 inventory is measured once par year
by drainiwg out ths facility,

For near-raal-tima accountirq one must verify

the transfers ●s for conventional ●ccounting Tho

major difference between naar-real-tima ●ccounting
●nd conventional ●ccounting is that tho in-procets
inventory must bm measured or ●stiwtad on ● mwwe

timely basis Tho Agency w cenoidcr$ ●ccounting
periods of ●pproximately onc month, therofort,
●ll nuclaar material retiidinq in procets tanks,
solvent ●xtraction contsc$ors, and concentrators

must be ●stimated or maasurd by tho oparator,
●nd those measurements must k vorifiod by tho

inspector, ●t least on ● monthly basis

One major problem in ●pplying near-real-time
●ccounting for reprocessing facilities ●rises from
the roquiremant for tha inapactor to verify the
mterial in the procoss. A particular problem
●rises in ●stimating inventory in the solvent ex-
traction contractors whgther they be mixer sattlers

or pulsd columns,

i- techniques have baon proposed for deter-

mining tha amount of nuclear matwial in the con-

tactor9. On@ method rolios on ●stimation of tha
contactor inventory froa proco88 operating condi-

tions Considorablo wrk in dovolopirq theoreti-
cal ●stimation modols has km parformad, for ex-
ample, by Beyerloin and Caldar4 ●t Clgmson Un{ver-
sity,l by Cobb ●t Los Alamos,z by Eurkhart a$
I- Stato,3 ●nd by Japanese ●rd IAEA workers,+
Estimation of solvent contactor inventory from
proce. ● data is baing used ●t the fast breeder
fuels eprocassing plant at Dounraay ●nd LS the

proposed method for tho BNFL light+ater reactor
(LWR) processing plant, THORP, under construction

at Sellafiold. Tho problom ●ri8e~ in that nnny

operators considor much of the information that

wuld be required for thaso thoorotical models to
bQ pr9priotary, and they w. reluctant to gIVQ
the information to the IAEA,

Tho second aathod for determining the inven-

tory in contractors is by direct measuramant This

W8 investigated by Ehinger at tho Barnwell Re-
procesatng Plant in tho late 709 ●nd ●ariy 80s 5

In this technique dontity probau ●re inserted into

th~ COIUIWI From tha known flow rates of th~

●qww a and organic stfoams, one can calculate
the dens~ty ●ttributable to the Ilquld in fh~

columnt The remainder of th~ dantity ~s attr\b--

utabIa to the nitric ●cid ●nd heavy metal concen

tration By filtering tho nolso from th~ pul~inq
●ction on the co!umns, on. can got a rca$onablo
measure of the heavy metal content in tho coiumnt
This method also may suffer from reluctance or!

the part of facility operators to make the densl~v
probes ●ccessible to tha IAEA lnspoctor ●nd tr,,m

● perceivad inability on tho part of the Inspe( to?
to Independently verify the concantrat~on dQ?IJWII
from the dmtlty probes

=~~rted by the U S Oepartmant of Energy,
Office of Safequardo ●nd Security



THE VERIFICATI~ PROSLEM

Regardless of how the plant operator deter-

mines the contactor inventory, the inspector has

the problem of verifying the operator’$ data.

Hamlin6 proposed that in-process holdup be
used as a safeguards measure. Ha suggested that

any process is designed to operate within a lim-
ited holdup range, and higher or lwer holdup, as

indicated by comparing process input and output,

is indicative of abnormal o~ration. Thus, poten-

tial diversion can only be ●ccomplished within
this no-l range; any lamer diversion would be
d~tectable by statistical techniques. He states,

“If that part of the in-process inventory that is
only .maasurabl@ by input/output analysis has an

uPPer operating limit by less than a significant
safeguards quantity of the material in question,
the IqEA’s critnria for both quantity ●nd timeli-
ness can ‘hemet by ● combination of :nput/output

analysis to detomine in-process holdup during
the campaign, together with ● material balance
over tho campaign. ” He discusses procedures to
reduca in-process inventory during materials bal-
ance closura to ●ttempt to reduce the holdup

rang.,

Delangt7 is applying such ●n approach, ra-
ferrad to ●s cumlative flux or runniny book in-

ventory, at the reprocessing plant ●t LaHague.

Howevor, the in-procoss inventory ●nd the normal
●llc4vad variation in i-process inventory ●re

large ●nd greatly exceed the pro~sed significant
safeguards quantity of 0 kg.

Walford ●t ●le ●tt~ted to define the
●xpected normal operating variation in the in-
process inventory of solvent ●xtraction contra-
ctors. The pulsed-column contactor operation was

computor-simulated using tho SEPHIS code9 for ●

flcu sheet reprocessing fast breeder fuel, For

normal operation ●nd reprocessing ●t ● rots of
04 Te/day (-100 kg plutonium per day), the
first cycle contactor inventory is 1 kg of plut~

nium and can increes~ to -4 kq without $arious
process impact. Howavor, a higher inventory re
suits in significant plutonium loss to the waste
*trcam For LWR fuoi, the first CYCIC contactor

inventory of plutonium would be significantly
less, probably -50 g. For minor-settlers, the

inventory would be smaller than for columns, In
●ny case, the contactor inventory is less than
ono significant quantity for ● plutonium through-

put of 250 kg!day.

id. ●re proposing the use of process informa-
t~on for datemlning the ●ount of plutonium In

ths Soluent ●xtraction contractors in tho plutonium
purification cyclo of the roprocess~ng facillty

The protest flow sheet dict$tas ●n ●pproxi-

mato concentration Imvel of plutonium in eech of
tho four contractors in the plutonium purification
cycle Each column will have some variability to
thil inventory, ●qein dictated by potential varla-
Clont in parameters such ●s organic ●nd ●queous
flow retos into ●ech of tha columns end plutontum

concentration into the Z+I column, The plutonium
concentration into the 2iI column w1ll vary gener-

ally with the type of fuel bei,lgprocessed, that

is, whether BWR or PWR fuel is being processed,
and the burnup of the fuel,

Whether process design information can be

applied to the solvent e.[tractioncontractorsw1lI
depend on severel parameters, The total uncer-
tainty in measurements for near-real-time account-

ing will be a combination of errors associated
with transfers through the process and errors

associated with measurement or estimation of mate-
rial in the process, For material in th~ process,
if the ●mount of material in contractors~$ small
compared to the amount of material in measurable
items such as tanks, the errors in the tanks will
tend to dominate, ●nd errors for the contractors

my become insignificant. A:So, if the amount af
material in the contractors is mall compared to
the throughput through the facility, errors asso-

ciated with cransfor measurements will tend to
dominato, ●nd errors ●ssociated with the contactor
invent2ry will tend to be small, relatively,

The question of whether process desiqn infor-
mation for tha ●xtractors can be ●pplied to the
solvent ●xtraction contractors then reduces to a
question of the relativo contribution of errors
●ssociated with the contractors,th~ remainder of
the process tcnks, ●nd the transfer measurements
The characteristics of the matarials balance equa-
tion must be ●xamined on ● plant-spacific basis
to detormino the ●pplicability of this approach,

MO have modolad the ●rror contributions from

measured throughput (input ●nd output), measur–
able inventory in process tanks, and unmeasurable

inventor-yin solvent ●xtraction contractors The

-.1 covered the range of throughput, ●nd inv~n-

torie. in ●xisting comercial reprocessing plants

●nd thoso plants ●nwcted to be in opt?ration by

the ●nd of tho century, The study indicates that
for many ceses the uncertainty in plutonium con-

tent of solvent ●xtraction contactcrs is small
compared to uncertainties in measured trensfers

●nd neasurabl~ inventory. It ia suggested that

in those cases contactor inventory con be lnftrr~d
from procenn o~ratora’ data and need not be ‘Jerl-
fied by measurement during proce,ls operetlon

References 10 ●nd 11 detail the methodology

u~ed to conduct the ●nalyses deocribed ~n thl~

report The assumptions made nnd *he limitatluns

imposed by these ●ssumptions ore des-rlbed below

Tho verlance ●quations used for this ~naiv

sis ●stumm steedy-!tate facility operetion : }1,1

~eries of batch transfers for ●ach xtream (Inpu!,

md outputs) ●nd for eech proces~ unit Invunf,)ry
measurement ●re 0091JmOd to have tho !ame t t of!

stant) nuclee- mater\a19 concentretl,]n mealvro,fior~t

●nd volumet~lc meeturernent for mny slnqlo f!rer+l!

or ve99e) The ●ffett of this a]sumptl,]n ~! ‘,,

understate the tot~l b,ariance for each IndIV 1,1,,.{:

streem or vettel Inventory Occasions arl+u %,~~



●s during

where the

not valid

The

plant startup or shutdown for cleanout,
assumption of steady-ytate operation is

assumption of steady-state operation
yields less accurate answers for systems where the

t19fl contains fbw process units or where the length
of the accounting period (numbar of batches proc-

essed) is short. In tha syvtems that involve
smaller MMs, we have found that the non-steady-
state model may show variances ur to 50Z greater

than the steady-state model. The Safaguarda 9ys-

tema Group has found that the assumption of

steady-state operation is ●n ●cceptabl~ ona for
sensitivity studies on r~processing plants,

The model ●ssumes that measurements of batch

concentration or voluma ●re correlated for each
vessel, This assumption can rawlt in ●n over-
statement of the overall uarianca associated with

●ach vessel. However, the model ●ssumas no cor-

relation batwa*n aaasurements on separate stre~s

or differmt wssels, Aich may lead to an undor-
stateaent of the coabinad variance for ●ll vessals
becausa maplas takan from ● series of vessels
my ●ll be aeawred on a singla or limited set of
inf~aquently calibrated instruments. Mo recali-
bration it ●sttmad to occur during an ●ccounting
period,

The model also ●ssumaa that the contactor
inuentorias wary randooly ●nd ●re not correlated.
These limitations on the model should be consid-
●red when applying the rawlts of this stdy.
Each plant should be ●valuated on the basis of
its particular charactarlstics

RwJLn . .
“U

4The total system (transfer ard~i’os) ‘

=.

stardard deviation for ● 30-dag ●ce

uas plottad as ● function of contac~
(-20 kg) ●nd tank inventory (0-ZCQ k~)
itiec of low throughput (5 kg/day, 100 k~/30-day
●ccounting pericd) ●nd high throughput (50 kg/

day ) The standad deviations for 20 to 2W kg

of measurable tank inventory are sham in F19s, 1

●nd 2

The data Ihou. that for the lou inventories

(both tanks ●nd contractors) the ●rmrs ●re
throughput dominated for low ●nd high th~hput,
At hiyh throughput the throughput ●rrors dominate

●t ●von hi9h inventories (F19. 2), For the low

throughput case, tank inventory ~40 kg, contribu-
tion from uncertainties in contactor inventory

become significant (~0,5 kg) only for contactor

lnuw?tories ~10 kg, and then only for uncertain-
tio, ~50X,

Similar ●naIyses ●ssuming uncertainties in
contactor lnv~ntory of 25% rathet than 10% ●re

$hrm in Figs, 3 and 4 for tho hfgh throughput

Ca!o (Fig 4), uncertainties still aro throughput
dlminated For the Iow throughput cat. (Fi9 3),

cl,ntactor inve,~tory uncertainty can become tiqnif-

Icant (?O 5 kq) for the case of low tank inventory
whan contactor !~ventory onceods -5 kq

Fi9. !. Process s~rd daviation (kg) ●s ● func-

tion of maewabla tank inVJntOry ●nd un-

aaaourable contactor inventory, 5 kg/day
throughput (150 kq/aonth); contactor in-
ventory uncertainty is 10%,

Fi9 2 Process standard deviation (kg) ●s ● Fun{

tlon of measurable tank inventory and un

mea.urabla contactor inventory, 50 kq/dav

throughput (1500 kq/month), cuntactor in
ventory uncertainty 13 10%



l!!

Fig. 3. Procoss standarddwiation (kg) as ● func-

tion of maa~urable tank invmtory ●nd un-
measurable contactor inventory, 5 kg/day
throughput (150 kghonth); contactor in--
ventory uncertainty is 25X.

Fig, 4 Proc@]s standard deviation (kg) ●s ● func..

tlon of measur~bie tank lnvsntory ●nd un-

measurable cont~ctor inventory, 50 kq/day
throughput (1500 kg/month), contactor ln-

vsntory unce,.tainty Is 25X

This type of approach can be used to ~sse?s

the significance of contactor inventory uncer-

tainty to overall system measurement uncertainties
for any facility design. If the contribution
from contactcr inventory uncertainty is small
relative to throughput and measured tanks, the
need for independent Inspector verification of

these measurements becomes questionable. From

verification of plant design, the Inspector may
be able to assume declared flow sheet values for
contactor inventory llpplicationof this approach
wi!l be facility specific for any specific de$lgn,
and the facility should be modeled before conclu–
sions can be drawn on its applicability.
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